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???????????????B = nB=n ???????
B = (5:8  6:6)? 10 10 (BBN) (1.1)









































1.2.1 ?????????? Hidden QCD?????????





















???????? QCD???103  104 ????TeV ???????????
Hidden QCD??U(1)Y ???????????????????? , Z ????????
??????U(1)Y ????? dark matter ???????????????????????
Hidden QCD??????? U(1)Y ????????? Hidden QCD? Bright Hidden QCD
????
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1.2.2 Nambu-Goldstone dark matter ??????
Hidden QCD?????????????????????????? Nambu-Goldstone ?




dark matter ??????? [79]?
??????????????????? (global) ???????????Bright Hidden
QCD ??????? yi(i = 1  3) ???????(1) U(1) ~B0  U(1) ~B?(2) SU(2)V  U(1) ~B
?(3) SU(3)V ???????????????????????????????SU(3)V ??
???????? [76]????
(1) U(1) ~B0  U(1) ~B ????
???? dark matter ??? ~0 ????~0 ????????????? 2 ???????
?????? dark matter????????????
(2) SU(2)V  U(1) ~B ???
Dark matter??????~ ????? ~ ??????????????? ~, ~K ???? ~ ?
???????????????????????????????????????~ ? 2 ?
????????????????????????????dark matte??????????~
???????????????dark matter??????
~ ???? dark matter????? (????????????????? (?????????
????????????????????????????????
1.2.3 ?????????? Two Scalars+Two Higgs Doublet Model?????
???????
??????? Higgs sector ????????????????????????? O(100)
GeV?????????????????????Sakharov??????????(3)????
??????????????????????????????Tc)? Tc ???? Higgs??
????? vc ???? vc=Tc & 1??????????????vc=Tc & 1?????????
????????????
















? 4???????????????????????? Bright Hidden QCD ??????
QCD?????????????? NJL???????????????????????
?? Bright Hidden QCD???????
? 5????????????? U(1) ~B0 U(1) ~B ?? SU(2)V U(1) ~B ??????? dark
matter????????SU(2)V U(1) ~B ??????dark matter????? ~? dark matter
?????~ ? dark matter??????????????????????????










x ! x0  ex
(x)! 0(x0)  exp( d)(x) (2.1)
???????
























d4x[i  (@   igA)  m     1
4
(@A   @A)2] (2.5)
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???????????????????????(
 (x)!  0(x0) = e  32 (x)
A(x)! A0(x0) = e A(x)
(2.6)
??????(2:1)????? @0 = e @, d4x0 = d4xe4 ?????
S0 =
Z





















??????? 4????? Hidden QCD??????????QCD??????????










V (H) =  2HyH + H(HyH)2 (2.8)
2 > 0 H > 0
????
??????????????? Higgs??????Higgs????????????????
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???????Hidden sector ??? QCD-like?????????????????????
????????????????????????????????????LHC??? dark
matter ????????????????????????????????????????
?? [73]-[81][87][123]?????? QCD ???????????Hidden QCD ???????
???
???????????????Hidden QCD?????????????????????

















D = @   igtaGa (3.2)
F a = @G
a
   @Ga + gfabcGbGc (3.3)



































????0 ??????a (a = 1  8)???????????? L ?  R ????????
??? U(3)L 
 U(3)R ???????????
?????????????u,d,s)??????????? Nf = 3? QCD????????














????????????????????????????? a? 1  8????
(1) 0L = 
0
R = 
0 ?? aL = aR = 0 ???????????
 =  L +  R ! ei0=2 L + ei0=2 R = ei0=2 (3.8)
????????? U(1)V ????
(2)   0L = 0R = 0 ?? aL = aR = 0 ???????????
 =  L +  R ! e i0=2 L + ei0=2 R = ei50=2 (3.9)
????????? U(1)A ????
(3) 0L = 
0
R = 0?? aL = aR = a ???????????













5 (x)) = 2i
X
i




























(1) QA ?????????dQA=dt = 0 (???????????
(2) QA ??????????? T ????? [Q; Q ] = ifQ ?????





????????????????U(A)j0i = eiAQA j0i???? QAj0i????(
a?QAj0i = 0 (???? A????














dimG=H = dimG  dimH (3.19)
???????
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QCD? Nf = 2?????a ? Pauli ????????????????????
? 0L = 0R = 0??  aL = aR = a ????????????







??????b(x) = qi5 bq(x)?????(3.18)??????
h0j[Qa5(x); b(x)]j0i / abh0jqq(x)j0i (3.22)
????????hqqi = h0jqq(x)j0i 66= 0????SU(2)A ?????????hqqi??????
??????????QCD???????????????? QCD?????????







 SU(3)R ! U(1)V 
 SU(3)V (3.24)
???????????? Nambu-Goldstone????NG?????????
Nf = 3?u,d,s)????Jp=0  ???????????????????? 9???????










Dexpi Z d4x(L[] + J) (3.25)
????????W [J ]??Z[J ]????
Z[J ] = eiW [J] (3.26)
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R D(x)expi R d4x(L[] + J)R D expi R d4x(L[] + J) = h0j(x)j0iJh0j0iJ (3.27)
c ???????????????x ? J ??? c(x; J)????????? J ? J(x; c(x))
??????????????
J! 0??c ? 0????????????????????????????????
c ???????????????????????????????????????

























































































d4x1    d4xn (n)(x1;    ; xn)c(x1)   c(xn) (3.37)
 (n)(x1;    ; xn)??????? (1PI)???????????????????????
 (n)(x1;    ; xn) = 
n [c]
c(x1)    c(xn) (3.38)
????  (n)(x1;    ; xn)?????????????????Z
d4x1    d4xneip1x1++ipnxn (n)(x1;    ; xn)
= (2)4(4)(p1 +   + pn) (n)(p1;    ; pn) (3.39)
???????? J ? c ????? x??????? (??????? c ? ????)??
?????????????????????????????????????????????
 [c] =  [] =  Veff ()
Z
d4x (3.40)
????????? Veff ?????????????eective potential)????
??????????????????????????????
h0j(x)j0i = h0jeiPx(0)e iPxj0i = h0j(0)j0i (Pj0i = 0) (3.41)









































i  5 
2
(3.45)
???????????????  (x)!ei (x)???????????????? UA(1)
 (x)! ei5 (x) (3.46)
??????????????
(3:45)??????   ,i  5 ??????????? UA(1)????
  !  e2i5 =   cos 2 +  i5 sin 2
i  5 ! i  5e2i5 =     sin 2 + i  5 cos 2 (3.47)




i  5 )
2??????? UA(1)
?????????????
?? (3:46)?????????????j5 =    5 ??????????????  i5 
?????????????
[iQ5;  i5 (x)] = i
Z
d3y[j50(y);  (x)i5 (x)]
=  2   (x) (3.48)
??? h0j   (x)j0i 66= 0 ????????????????????????????????
NG???????
3.4.2 NJL????????????
















0 =  +

N







D D  DD expiZ d4xLY ( ;  ; ;  )	 (3.52)
????????????
LY = L   N
2
[(0)2 + (0)2]
= i  @   N
2
(2 + 2)   ( + i5) (3.53)
?????????????????  = 2G?????? =  = 0????
(3:53)??????????????????????????????????, ????
?????????????????
 =   
N
  ;  =   
N
 i5 (3.54)
????????????????????????? LY ????? U(1)???????
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@   N
2




D D  exp 
R














 [; ] = SB [; ] +O( 1
N
) (3.57)




















ln Det[i k   ( + i5)] (3.58)
????
(3:58)?? (3:56)???????????????? V (; )??









ln det[6 k   ( + i5)] (3.59)
????
det[ei5] = e i tr (5) = 1
???? 2 = 2 + 2 (sin2 =  ; cos2 =  )?????
det[6 k   ( + i5)] = det[e i5f6 k   ( + i5)ge i5]
= det[ 6 k   ] (3.60)
???????
ln det(A) = trfIn(A)g
??????tr 1 = 4???????
ln det[6 k   ] = 1
2




tr ln[2   k2]
= 2 ln[2 + 2   k2] (3.61)
??????????????????? (3:59)???
V (; ) =
1
2




ln[2 + 2   k2] (3.62)
????
??????????????????????????????? Euclid???Cuto ?


















V (; ) =
1
2







2 + 2 + k2E] (3.64)
????
(3:64)??????????
V (; ) = V ( =  = 0) +
1
2


















(02  2 + 2)????
?????????? V (; )?????????????? (; )????????????
V (; )?  = 0???????
V (;  = 0)  V (0; 0) '

( 12   
2
82 )
2 2  2
1
2
2 2  2
????
??? 12  
2
82 ???????????????????????????????????
?????????? 12  
2







 > cr ??????????????? ???? h0j(x)j0i = 0 ???????
































4.1 ?????????? Bright Hidden QCD ???????
??
4.1.1 ?????????? Bright Hidden QCD? Higgs Sector
???????????Hidden-sector? QCD-like? Hidden QCD???????????
????????????Hidden QCD???????? Hidden ??????????Hidden
????????U(1)Y ????????????Hidden QCD?????????  ? Z??





Tr F 2 +Tr  (i@ + g
G + g
0QB   yS) (4.1)
G ??Hidden QCD??????Q? hypercharge??B ? A,Z??????? U(1)Y ??
??
B = cos WA   sin WZ ; g0 = e= cos W (4.2)




???????????y ???????? S? Hidden ????????????????
????????????? S??????? Higgs??????Hidden QCD ??????
????
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Higgs sector??????????????? Higgs??????????????? S??
???????????????????????????????????????





















LT = LH + LSM+S (4.5)
????
??? (global)???
(4.1)?????????????? Hidden???????????? ? S ????????
? explicitly????????????????? (???? y = 0)?????????????
?? (global)???
SU(nf )L  SU(nf )R  U(1)V  U(1)A (4.6)
??????U(1)V ? Hidden baryon ???????
??????????? SU(nf )L  SU(nf )R ???????? h  i ii ???????
SU(nf )V ????? ?????n2f  1??? Nambu-Goldstone ??? a (a = 1; : : : ; n2f  1)
???????nf = 3 ???? Nambu-Goldstone ????????????????????
????????????
~0 = 3 ; ~
 = (1  i2)=
p
2 ;
~K = (4  i5)=
p
2 ; ~K0( ~K0) = (6 + ( )i7)=
p
2 ; ~8 = 8 ; (4.7)
????????? ~0 ???????????????? Nambu-Goldstone ????????
???" ~ "????????? ??? (0 ?)??????????????
??????? (???? y 6= 0)????????????? explicitly ??????????
?????? Nambu-Goldstone ??????????
??????? (???? y)?? i ??????????????????????
yij = yiij (yi  0) (4.8)





4 > H ; S > 0; 4 > HS > 0 ; jyj2 < 4; (4.9)
2
p
HS   HS > 0 : (4.10)
(4.10)??????S ???????HS ? H ??????????
4.1.2 Nambu-Jona-Lasinio???
Bright Hidden QCD ???
?????? Nf = 3? QCD????? NJL??????????????m??????
??????
LNJL = Tr  (i@  m) +TrG
8X
a=0
[(  a )2 + (  i5
a )2] + GD
 







det  i(1  5) j + h:c))???????
Bright Hidden QCD ???????? LH (4.1) ???QCD ??????????????
NJL??? (?????? Nf = 3,???? Nc = 3)??????????
?????Bright Hidden QCD???????? (4.1)??????????










 a(1  5) (4.13)






 a(1 + 5) (4.14)















?????????????SU(3)L  SU(3)R  U(1)V  U(1)A ???? (global)?????
???????
???????????????????????????????????????????
(h0j   j0i 6= 0)?????????????????????? SU(3)V ?????U(1)V U(1)A
??QCD??????????????? (4.12)????????? U(1)V ?????
????????????? yi ??? Hidden ??????????????????SU(3)V
??explicitly?????
NJL ?????LNJL(4.12) ????????? y( 0 ), G(  2 ), GD(  5 ) ????QCD ?
???????????? ( 1 ) ????(???????????????????????
???)
???G?GD?????
G! G2 GD ! GD5 (4.15)








 i i  j j ! h  i ii  j j + h  j ji  i i   h  i iih  j ji (4.16)
 i i  j j  k k !
X
i;j;k;cyclic
h  i iih  j ji  k k
  2h  i iih  j jih  k ki (4.17)








 i i  j j?! ? h  i ii  j j + h  j ji  i i   h  i iih  j ji+ :  i i  j j : (4.18)
 i i  j j  k k?! ?
X
i;j;k;cyclic




h  i ii :  j j  k k : + :  i i  j j  k k : (4.19)
????????NJL??????? (4.12)???????????????????? L0 ??
???????????????????????? LI ?????
LNJL = L0 + LI (4.20)
L0 ??????????????????????????????????????????


































































+2G : i  5





????????? pseudo Nambu-Goldstone ???)?
a =  2iG\ 5a (4.24)
????????(4.23)??????????????
(4.13)? ?????????????????????????????????????
h0j  i j j0i [ i j =   1
4G




b = ' =   1
4G








Trby+ Tryb = Trby :  : +Tr : y : b+ 2Trbyb (4.29)






2GTry = 2G(Tr'y+ Try'  Tr'y') + 2G : Try : (4.31)
???????????????????????????
L0 = 2G(Tr'y+ Try'  Tr'y')























det =: det : +Tr^ : 2 :  Tr^ : Tr :  1
2
Tr : 2 : Tr^ +
1
2
Tr^ : (Tr)2 :
+ Tr^2 :  :  Tr^ :  : Tr^  1
2
Tr^2Tr :  : +
1
2















= Tr^2 :  :  Tr^ :  : Tr^  1
2
Tr^2 : Tr : +
1
2
(Tr^)2 : Tr :


























???? 2det^?????? b? '????? L0 ?????
?????????????????????? LA ? LA0(?????)? LAI(??????
LA = LA0 + LAI
??????
LA0 = GD







LAI = GD : (det^ + h:c) :
+ GD : (Tr'





(Tr)2Tr'+ h:c) : (4.40)
????
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4.1.3 Bright Hidden QCD ????????
Bright Hidden QCD ???????? (4.12)?






L0 = 2G(Tr'y+ Try'  Tr'y')
LI = 2G : Try
??????????????????????????????????????4.40)?
LA0 = GD







LAI = GD : (det^ + h:c) :
+ GD : (Tr'






????????????????????? L0 ?????????????? LI ?????
???????????







(Tr')2Tr + h:c) (4.41)
LI = 2G : Try : +GD : (det + h:c) :
+ GD : (Tr'













 a(1  5) 






 a(1 + 5) 
?? (4.26)??????a ? (4.7)?????? Nambu-Goldstone???
~0 = 3 ; ~
 = (1  i2)=
p
2 ;
~K = (4  i5)=
p
2 ; ~K0( ~K0) = (6 + ( )i7)=
p
2 ; ~8 = 8
????? ~0 = 0 ???????????????????? U(1) ~B0  U(1) ~B ??????
? Bright Hidden QCD????????????
L0 = LK + LD + LM (4.43)
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LK = Tr  (i@ + g0QB)  












 2 2  
























































































































































~ ~8 + 2 ~K  ~K0

 2 1 +




































































~8)  1 1 +
p
2~+  1 2 +
p
2 ~K+  1 3 +
p
2~   2 1
+ ( ~0 + 1p
3
~8)  2 2 +
p
2 ~K0  2 3 +
p
2 ~K   3 1 +
p
2 ~K0  3 2   2p
3
~8  3 3
o#
(4.45)

































































????????? SU(2)V  U(1) ~B ????(4.43)???????? (5.20)???????
y1 = y2 ~1 = ~2 (4.47)
????
4.1.4 ????????















ncIV (Mi) ; (4.48)
???? IV (Mi)??(C.1)???????
???????????Mi ??




?????? ~i ??4??????????????? 3? GD8G2 ~i+1~j+2 ????????6
??????????????????????~4 = ~1?~5 = ~2 ??????????? nc ?
3????
??????????Higgs ?????????? (4.3) ????????????Higgs ?
HT = (h+; (h+ iG)
p
















V (~; S; h) = VNJL(~; S) + VSM+S(S; h)










































?????????? yi; H ; HS ; S ??????S?~i ???????????????
V (~; S; h)???? (???)????????????????
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???????? SU(3)V ?????????
Hidden QCD????????? SU(3)V ??????????????(4.51)?? yi; ~i ?
y1 = y2 = y3 = y ~1 = ~2 = ~3 =  (4.52)
?????????????
???? y; H ; HS ; S ?
y = 0:0052; H = 0:13; HS = 0:01; S = 0:19 (4.53)
????????????????????? h; S;  ???????
< h >QCD= 0:021GeV; < S >QCD= 0:107GeV; <  >QCD= 0:280GeV (4.54)
?????????? [76]?





















? 4.1  ??????????????????























? 4.1?? 4.2??h?s? ??????????????????????????
???? y; H ; HS ; S ??(4.53)???????????
? 4.1 ?? ?????????????????? (4.51) ???????????????
?????????????????? Hidden QCD???????????????????
???




????? Higgs??????? 246 GeV? (4.54)?? h ???????????????
????????????????? (????????? f )???????????
f = 246 GeV=hhiQCD  11760 (4.55)
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4.1.5 ?????????? Hidden QCD????????




???Higgs???????? 246 GeV???Higgs????? 1261 GeV????????
??????? H ; HS ; S ??????(4.53)??????????????????? (4.55)
???????? [76]?
? 4.3??Hidden QCD?????????????? S????????? y ????0?
???? 0.1?????????Higgs????????????????????? (??)?
?????????????????????????Hidden QCD????????????
??? ????????? ?????? y ???????? 10 TeV????????y ?
??????????y ??? 0.1???????4 TeV?????????
???????? y ?????????Higgs???????? 246 GeV??????????
????? ????????????? y ???????????? ??????????
? 4.4?  ???????? S????????y ????0????? 0.1????????
????????????????
 ??????????????y ????0????? 0.1?????????????? 
??????????????????????
?????? S ?????????) ?????? y ??????????????????
??Higgs????????????????????? y ?????????????????
????????? S???????????? Higgs????????????????
Hidden QCD?????? ???????????????Higgs??????? 246 GeV
??????????????????????????????
Hidden QCD? TeV????????????????????????????? GeV?
???????????????????????????



















? 4.3 ???? y ?????? ???

























? 5?? dark matter????????????????????????????????
?????????????? (4.43)(4.46)??????? dark matter??????????
?????? Hidden ??????? 1-loop ???? ? 4.5) ???????????????
?????2??3??4?? Hidden ??????? 1-loop????????????????
?? (4.58)?)??????? (dark matter)???????????????? Lagrangian?
???? Hidden ??????? 1-loop????? 1-loop?????????????????
? ?1?????????????? C??????
5 ?? dark matter ???????????Hidden QCD ?????????? SU(2)V 
U(1) ~B ????????????????????????????????? SU(2)V U(1) ~B
?????????????????????????????(dark matter)-- ?????
?????U(1) ~B0  U(1) ~B ??????????????????????????
????????? SU(2)V  U(1) ~B ????????????????
~1 = ~2; M1 =M2 ; Z ~K = Z ~K = Z ~K0 = Z ~K0 ; Z~ = Z~ = Z~0 ; (4.56)
Z ????????????? (B.9)????
































































(M 11  M 12 ) (4.60)
G~0Z =  tWG~02 G~0Z2 = t2WG~02 (4.61)
t2W = (cos w= sin w)
2 ' 0:3 (4.62)
(2) dark matter ????



























































































( ~K0 ~K0   ~K+ ~K )~0 +
p


































































4I2B4 (M1)  I2B4 (M3)

(4.65)




























































I1B4 (M1;M3)  I2B4 (M1)

; (4.67)
I2A4 (Ma;Mb) ????? C (4) ????????
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(3) dark matter??????? S ?????
Dark matter??????????????dark matter??????? S?????????









































































































I2A2S(Ma) ????? C (5) ????????






















































G~2Z =  tWG~22 ; G~2Z2 = t2WG~22
G ~K22 = Z ~Knc































Nambu-Goldstone dark matter ???
5.1 Dark matter????








GM(R)=R / R  12 ( M(R)?????






















?? dark matter???????????Dark matter???????????????????
???????????????????????????????????????????
????dark matter?????????????????????????????????







Fermi???????????? LAT???? 2011???????????? 130GeV??
?????????????????????????dark matter ????????????
???????????????????????????????????????PAMELA
?Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics????????



























L^[f ] = C[f ] (5.3)
?????L^??Liouville??????????????Liouville?????



































































d dadb    didj    (2)44(pi + pj      p   pa   pb    )


jM j2 ;a;b;!i;j;fafb    f (1 fi)(1 fj)   
  jM j2i;j;! ;a;b;fifj    (1 fa)(1 fb)    (1 f )

(5.8)











T 1 fi  1 (5.10)
???????????
jM j2 ;a;b;!i;j; = jM j2i;j;! ;a;b;  jM j2 (5.11)
??????
????????????????????????????? H = _RR ????
_n + 3Hn = 
Z
d dadb    didj    (2)44(pi + pj      p   pa   pb    )





















































d dadb    didj    (2)44(pi + pj      p   pa   pb    )
 jM j2(fafb    f   fifj   ? (5.18)
????
5.2 Nambu-Goldstone dark matter ???
5.2.1 Dark matter ???
Hidden QCD?????????????????????????? Nambu-Goldstone ?
????(4.7)????????????????????????????????Nambu-
Goldstone ?????????????(4.7)???????
~0 = 3 ; ~
 = (1  i2)=
p
2 ;
~K = (4  i5)=
p
2 ; ~K0( ~K0) = (6 + ( )i7)=
p
2 ; ~8 = 8
???? Nambu-Goldstone ?????????????????????????????
??????????????????dark matter ????????
h Nambu Goldstone??? dark matter????? i
(1)????? (5 ?????
(2)???? (Hidden ?????????????????)
(3)??????? (~0; ~; ~K; ~K0; ~K0; ~8 ???????)
????????????????Bright Hidden QCD ? global ????????????
??Bright Hidden QCD???????? (4.1)?
LH =  1
2
Tr F 2 +Tr  (i@ + g
G + g
0QB   yS) 
??????? y ??????????????????????? y ????????
y !




??????yi ????????? Hidden QCD ????????????????????
???
(i) U(1) ~B0  U(1) ~B y1 6= y2 6= y3 (5.19)
(ii) SU(2)V  U(1) ~B y1 = y2 6= y3 (5.20)
(iii) SU(3)V y1 = y2 = y3 (5.21)
???????????????? U(1)V ???????????U(1) ~B0 ? U(1) ~B ?????
Cartan subalgebra ?
~B0 =
0@ 1 0 00  1 0
0 0 0
1A ; ~B =
0@ 1 0 00 1 0
0 0  2
1A
?????????dark matter???????????Nambu-Goldstone ???? dark matter
? 5.1 dark matter?? (nf = 3)????
~0 ~+ ~  ~K0 ~K+ ~K  ~K0 ~8
U(1)Y charge 0 0 0 0 0 0 0 0
~B0 0 2  2  1 1  1 1 0
~B 0 0 0 3 3  3  3 0
SU(2)V 3 2 2 1
SU(3)V 8
????????Nambu-Goldstone ???????????????????????????
????????????? 5.1??nf = 3 ???? Nambu-Goldstone ??? dark matter?
?????????
(i)????????????? ~0 ? ~8 ???????????? 2 ??????
(ii) ??? ~8 ????????????
?????? Nambu-Goldstone ????????? dark matter?????????????
?????????????
???? ~8 ? ~ ??????
5.3 ???????? U(1) ~B0  U(1) ~B ????
Hidden QCD?????????? U(1) ~B0  U(1) ~B ??????dark matter??????
?????????
m~~0 < m~ < m ~K < m ~K0 = m ~K0 < m~ (5.22)
~0; ~ ?????? charge????Dark matter???????????? dark matter???
~0 ???????~0 ????? charge??????~0 ? 2 ??????
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~0 ? 2 ????????????? (4.43)??????????????
LK = Tr  (  + g0QB    ) 












~0  25 2 (5.23)
  + i GD
8G2
(~1   ~2)~0  35 3










? 5.1 ~0 ? 2 ????
??? (~0 ! )??













~0 ??????????~0 ??  ?????????????







(6 l  6 k0 +M1)
((l   k0)2  M21 )
( ieQ)(k0)
( 6 l +M1)
(l2  M21 )
( ieQ)(k)
( 6 l+ 6 k +M1)






 nc + (k $ k0; $ )






































????Mi ??????? (4.49)???G~02 ? (4.60)?????1-loop????(C.3)??
??????
(5:24)???????????










' 10 6 Q4m3~0 (1=M1   1=M2)2 (5.27)
(5.27) ???????? H ??????? T = m~0 ??????
 (~0 ! )
H
' 7 108 Q4(m~0=M1)(M=M1)2 [TeV=M1] +O((M)3 ; (5.28)
??????? M =M1  M2 ????
Hidden ??????? U(1)Y ?? Q???????????????????? M1 ? M2
????????????????~0 ? 2 ??????????
~+; ~ ? ~K+, ~K  ? ~K0, ~K0 ????? ~0 ???????????????dark matter???
???
???????? U(1) ~B0 U(1) ~B ???dark matter ??????????????????
??????????????????????????
5.4 ???????? SU(2)V  U(1) ~B ????
5.4.1 ???????? SU(2)V  U(1) ~B ????????
???????? SU(2)V  U(1) ~B ??????3 ???????? yi ?????? y1 =
y2 < y3 ???????
? dark matter??????????? inverse propagetar (B.1)?(B.3)???? (B.7)??
??????????Dark matter???????????????????????
m~0 = m~ < m ~K0 = m ~K0 = m ~K < m~ (5.29)
~0, ~ ??????????? ~K0; ~K ??~ ???????????????
Dark matter????? ~ ?????????? SU(2)V ????????????? (4.60)
?????, SU(2)V ??????M1 = M2 ????G~2 = 0????~ ? 2 ???????
???
~ ???????????? 2 ??????????? ~, ~K ???? ~ ?????????




? 5.2 ???????? SU(2)V U(1)~B ???? dark matter????????






????1 ? ~?2 ? ~K?3 ? ~ ?????X ?????????????
(1) 1 ? 2 ???? (1 ! 2)
(2) ??????????? (ii ! X;X)
(3) dark matter????? (ij ! kl)
????(1)????????  (1; )???(2)??????????? hv(ii;XX)i???
(3)??????????? hv(ii; jj)i ????
????????? (???)????dark matter???????? (??)???dark matter
???????? (???)???
(1) ~(= 1)? 2 ???? (~(= 1)! 2)
????????????dark matter ???????????????????????
~(= 1)? 2 ?????????????? 2 ?????????????????????
???????????????? (4.43)?????
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? 5.3 Dark matter?)????????????





??????? X;X 0 ??dark matter?????????? Ei + E0i = EX + EX0 ???
fif0i = e





Dark matter?????????????????? (ni)????? ( fi)?????????
?????????????
ni=ni = fi= fi fi = e
 Ei=T (5.35)
































































 (Ei+Ei0 )=T hvi (5.41)
???????dark matter ????????????????????????? v ?????
?????????? (5.38)??
hvi = a+ bv2 +O(v4) (5.42)
?????????? (5.41)????????














(m2DM  M2W )1=2aW + (m2DM  M2Z)1=2aZ











































































???????????? (5.49),(5.50)?? (i)j ??inverse propagator  ij(i; j = h; S)??
????????
????????Hidden QCD? 1-loop???????????????? inverse propagator
?????????????????????
 hh(p
2) = p2   3Hhhi2 + 1
2
HShSi2  hS = 2HShhihSi
 SS(p
2) = p2   3ShSi2 + 1
2








Tr(6k +M)( 6k  6p+M)
(k2  M2)((k   p)2  M2) (5.53)
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j (i,j=h,s)??????????? Higgs????? ( ~m2h)???????????? ( ~m2S)?




















(3) Dark matter????? (ij ! kl)






























(2)44(pi + pj   pk   pl)jMij!klj2 (5.58)
?????????????? (5.57)???







 Ei=T e Ej=T hvi (5.59)
??????????????? (5.39)????????????????????????
hvi = c+ dv2 +O(v4) (5.60)
????????????????????





~K0; ~K0; ~+; ~  ???????????????????????? (4.43)?????












































































? 5.4 ~K0; ~K0; ~+; ~  ????
~K0; ~K0; ~+; ~  ???????????????????(4.63)?????????????
? G ~K2~2 ??(4.66)?


















I2A4 (M1;M3)?I1B4 (M1;M3)???? C(4)???????G ~K2~2 ?????????????
1-loop??????????????????? 1-loop??????????????? 1-loop
???????????????????
???? hv( ~K0 ~K0; ~+~ )i?????????Dark matter????????????







5.4.3 Dark matter?? ~; ~K; ~ ?????????
Dark matter?? ~; ~K; ~ ???????????????????????????????
????????Y1?Y2?Y3 ????~?~K?~ ?????????????????? Yi = ni=s
??????????????????????11???22???33???? ~?~K?~ ????????
???????????
x = =T ? ??????? 1= = (lm 1l )?????MPL ????????g = 115:75
????????????
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Y1Y1   Y1 Y1

+ < v(11; 22) >

Y1Y1   Y2Y2Y2 Y2
Y1 Y1

+ < v(11; 33) >























Y2Y2   Y2 Y2

  <v(22; 11) >

Y1Y1   Y2Y2Y2 Y2
Y1 Y1

+ < v(22; 33) >














Y3Y3   Y3 Y3

  < v(33; 11) >

Y1Y1   Y3Y3Y3 Y3
Y1 Y1

  < v(33; 22) >











??????Yi 1? Yi???????? x??????????????????s0 = 2890=cm3
???????????????c=3H3=8G=1:05  10 5h2GeV=cm3 ?????????h
??????????????????
?????????
y1 = y2 = 0:00296 y3 = 0:00424 S = 0:13 HS = 0:06 H = 0:135 (5.68)
??????
?????? vh = 246 GeV; vS = 521:8 GeV ???????????????f = 5598:52?
??????
Dark matter???????inverse propagater ?? (B.7)?????????????
m1 = m~ = 202:0 GeV; m2 = m ~K = 196:3 GeV; m3 = m~ = 178:1 GeV (5.69)
??Higgs??????????????????????? (i) ? (5.55)?????????
~m1 = mh = 125:18 GeV (
(1))T = ( 0:9962; 0:08654)
~m2 = mS = 324:1 GeV (








2 = 0:119 (5.71)
????????????????????
< v(11; 22; 33;XX) > = (9:29; 9:38; 1:26) 10 11 GeV 2
< v(11; 22) > = 4 < v(22; 11) >= 3:90 10 5 GeV 2
< v(11; 33) > = 3 < v(33; 11) >= 4:30 10 5 GeV 2
< v(22; 33) > = (3=4) < v(33; 22) >= 4:06 10 5 GeV 2
<  (1; ) > = 6:45 10 13 GeV 1












? 5.5 ~ ???? (?)? ~K ???? (?)?~ ???? (?)












? 5.6 ? dark matter??????
? 5.5???? 5.6??dark matter??????? x = =T ??????????????
??? [79]?
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~h2 ?????????? 5.6??? dark matter??????
??????????
~ ????????????????? ~K ??????????????~ ?????? dark
matter????????????????????????????
~ ? dark matter??????
5.5 Dark matter??????????
5.5.1 Dark matter?????
Dark matter???????????????? dark matter?????????Dark matter
???????????????????????????dark matter???????????
????????????????
Dark matter ??????????? Fermi-LAT( Fermi Large Area Telescope?[91][92] ?





5.5.2 Dark matter ??????  ??? (????)
~ ? dark matter???????????~ ???????  ???????????


























? 5.7 dark matter ??? (a)
??? 5.9?????????? dark matter ~ ? 2 ?????????



























? 5.9 dark matter ??? (c)
????????? SU(2)V  U(1) ~B ?????? ~ ? dark matter????????~ ??
?? 2 ???????????????????????????S-???????????
Dark matter ??????????? p = p0 = (m~;0) ??? ?????????????
k = (m~;k)?? k0 = (m~; k)?????????? (k) = (0; (k)); (k0) = (0; (k0))??
0 = (k)?k = (k)?k0 = (k)?p = (k)?p0
0 = (k0)?k = (k0)?k0 = (k0)?p = (k0)?p0 (5.72)
?????~ ??????? 2 ?????(4:43)??

















 25 1 : : : (5.73)





 3 3 : : : (5.74)
???????
4???????? 5.7? 1-loop????(C.16)??????????????? 5.8? 1-loop
????(C.17)??????????
3???????? 5.9? 1-loop????(C.18)??????????
? 1-loop???????least subtraction(?? D)???????????????????
???? !1????????? (C.19)???? (C.20)?????
??????(4.74),(4.75)???? (C.19),(C.20)????
























??????? 5.7?? 5.8 ????? 4 ?????? 1-loop ??????????? 2 ???
5.9????? 3?????? 1-loop???????????
?????????????










t2W (1 m2Z=4m2~)  Z
(3=4)t4W (1 m2Z=m2~)1=2 Z Z
: (5.77)
????Z ????????????  ??????? E ?? m~(1 m2Z=4m2~)????
????????????????????? E = m~ ????????????????
?? ? Z ???????????
hvi+Z = hv(~~ ! )i+ hv(~~ ! Z)i?Q = 1=3? (5.78)
??????????????


























? 5.10???????PLANCK?? [94]? 
h2 = 0:12 0:01 (4)???????????
?? dark matter ~ ???????????????????
Dark matter ~ ?????????????????m~=100 GeV ??????????




5.5.3 Dark matter??????????????????????? (????)





[98]?CDMSlite [99]?darkSide50[100]?PandaX [101]?LUX [102]?????
? 5.11 Dark matter?????????????????????????????? [102]
????????? Dark matter???????????????????????????






















????mN ????????f^  0:3???????????????? [96]? ?? h   S


























? 5.12 ??? dark matter ~ ????????????????????????????
????????m~-SI ??????????? [79]?
? 5.12 ?????~ ??????????????????????????????1-loop
? G~2S(4.71)???????
? 5.12?????PLANCK?? 
h2 = 0:12 0:01 (4) [94]?????? dark matter ~ ?
???????????????????? (SI)???????
m~ & 150 GeV???? SI ????????? XENON1T?O(10 47) cm2)[103]????
??????????? ?













???????Z = Tr = Tr e H ???????????? Green???







Tr[(x; 1)(y; 2)] = (x; 1)(y; 2)(1   2) + (y; 2)(x; 1)(2   1) (6.3)
???????????????????????? = it?????????????????
?????0     ????
(x; ) = eH(x; 0)e H (6.4)
????????????????? Green???

























 Tr[(x; )(y; )]

= GB(x;y; ; ) (6.6)










???????? wn = 2nT ????
???????????????????????
GF (x;y; ; 0) =  GF (x;y; ; ) (6.8)






























































































D(x1; 1;x2; 2) = h(x1; 1)(x2; 2)i (6.15)

























D(wn;p) = [w2n + p2 +m2 +(wn;p)] 1
= (1 +D0(wn;p)) 1D0 (6.19)
??????(6.17),(6.19)????


























































dp0[f(p0) + f( p0)] 1
ep0   1 (6.24)





















ew   1 (6.25)
???????? 01 ??????????????????????????m=0 ???








































In [w2n + ~p
2 +m2(c)] (6.28)
????????????tree?????????wn = 2nT ???????????????




































































































































In [w2n + ~p
2 +m2f ] (6.36)








































































































????f = 2exp(3=2  2E)(In f = 2:6351)?? ????? -??????[105]
6.1.3 ?????????
????????????????????????n = 0????????????????


































































































































V =   T
12











?????????????????????????????? nB ?????? n ????
????????? 3 ?????????????????????????????????
???????????????????????????????? nB=n ????????
???????B = nB=n ???????
B = (5:8  6:6)? 10 10 (BBN)



























eF)  g21B eBi (6.48)
@j

B L = 0 (6.49)
????Nf ?????g2 ? SU(2)L ?????????F ????? A ???????g1











g22Tr(F eF)  g21B eBi (6.50)
= Nf [NCS(tf ) NCS(ti)]
= NfNCS













????????????? Fij = Bij = 0 ???????????????? Aai 
a
2 =





















(W (T )=??????????????Ntr = 26 ( = g2 )?Nrot = 5 :3  10 3 ( = g2 )?







???? n ?????????? s? s = 7:04 n ?????????????? (1.1)??
??????????jnB=sj ' 10 10 ????????????????????nB
s













sph ' (prefactor)e Esph=T < H(Tc) ' 1:66
p
gT 2=Mpl (6.54)































(Tc '  = m2h=(2v2)) (6.58)
??????????(6.56)???????????????????????Higgs?????








(1) ?????????? Hidden QCD
???????? SU(3)V ??????????? Hidden QCD?????????????
????????? [76] ????????????????????????????????
????????????????????????????????????????????
?????? ???????????????????????? Nambu-Goldstone bosons?
???????dark matter ??????????????
???????? [76] ????????????????????????????Tc=150








?? Hidden sector???????????????????? [123]???????????
????????????????????????????????????????
(3) Two Higgs Doublet Model???????????

















6.4 ?????????? Two Scalars+Two Higgs Doublet Model
???? [76] ?????????????????????????? Hidden QCD ???









H1 = fh+; f 1p
2
(v1 + h+ ih3)ggT
H2 = f+; f 1p
2
(v2 +  + i3)ggT (6.60)





????v1; v2 ??? Higgs?????????v ' 246GeV ????
2????????? Si(i=1,2)????Hidden QCD???????????? S1 ????




1 + s1 (6.61)
S2 = S
0
2 + s2 (6.62)
s1; s2 ??????????????? hSii (i=1,2)????
2HDM?? Flavor changing neutral current(FCNC)??????????? Higgs????
????? Higgs?H1 ??????????????Higgs?H2 ??????????????
??????2????????? Si(i=1,2)?????Z2 ????????????????
??????? S1 ???????????? Hidden QCD????????????
Z2 : H1 ! H1 H2 !  H2 (6.63)
Z2 : S1 ! S1 S2 !  S2 (6.64)
??????????2HDM? Higgs sector??????????????????????
??????????? Z2 ??????????????

































































? 0S1S2Hy1H2 + h:c????????




5 ?? 0 ?????????? Higgs????????????????????
(6.66)???????? 5 ????????????Hy1H2 ??????????(6.66)??
?????????????????????????? 5 ????????Hy1H2 ?????
????(6.68)????? 0 ???????????????????????(6.68)????
????????????




2 = j5jjHy1H2j2ei(5+2h) (6.69)
????h =  5=2????????? 5(Hy1H2)2 ?????????????
???0 = j0jei0 ???0S1S2Hy1H2 ??h =  5=2????????
0S1S2H
y





5 ? 0 ???????????????? 0 = 52 ??????????????????
????????????????????
???(6.68)????? 0 ???????????Hy1H2 ????????? (6.66)?? 5
????????????????(6.66)?? 5 ? (6.68)?? 0 ?????????????
??????????????????
??????????CP????????????????2HDM????? (6.66)?? 5
???????????????????????????? 4??? 0S1S2Hy1H2 ?????
???????????????????????
?????????????????????????ne tuning?????????????
????? 0 = 52 ????????? 5 ? 0 ????????????????
6.4.2 Higgs sector??? (CP?????? (0; 5 ????))
Charged Higgs ?????
Charged Higgs????????????????? (6.65)?? h;  ??????????
?????????????????














2   12 (s219 + s2210) v1v2(4+5)2   12s1s20
v1v2(4+5)
2   12s1s20 v222 + v
2
13




M2c ?????????h;  ????  ????????? Charged ???????????






cos  sin 







?? CP odd Higgs h3; 3 ?????
?? CP odd Higgs ????????????????? (6.65) ??? h3; 3 ??????
?????????????????????














2   12 (s219 + s2210) v1v25   12s1s20
v1v25   12s1s20 v222 + v
2
1(3+4 5)
2   12 (s2111 + s2212)
!
(6.75)







cos  sin 






?? CP odd Higgs?????????????????????
?? CPeven ???? h; ; S1; S2 ?????
?? CP even ?????????????????????? (6.65)?? h; ; S1; S2 ???
??????????????????????????????????
V CP evenmass =












a v1v2T   12s1s20  s1v19   12s2v20  s2v110   12s1v20





































T = 3 + 4 + 5 (6.80)
CP-even???????????????????4even ?????????????????
???????????????????????????????????????





















































?1 = 0:59; 2 = 0:628; 3 =  0:05; 4 =  0:33; 5 =  0:32; T (= 3 + 4 + 5) =  0:70;
6 = 0:325; 7 = 0:16; 8 =  0:0625; 9 = 0:0028; 10 = 0:0032;
11 = 0:0029; 12 = 0:0028; 0 = 0:0028; y = 0:0052 (6.82)
?????
? (1) = ( 0:71506; 0:69903; 0:00067; 0:00665)
(2) = (0:69905; 0:71508; 4:84865 10 6; 0:00017)
(3) = (0:00033; 0:00034; 0:99954; 0:03048)
(4) = ( 0:00489; 0:00454; 0:03047; 0:99951) (6.83)
?????1 ? 2 ? h?  ???????????3 ??S1 ???????4 ??S2 ???
???????i ???
?mh = 1 = 125:07 GeV m = 2 = 249:33 GeV
mS1 = 3 = 1801:75 GeV mS2 = 4 = 454:85 GeV (6.84)
????????????? 1 ? Higgs????????????
76
?? CPeven ???? h; ; S1; S2;  ?????
?? CPeven ???? ???? Hidden QCD?  ???????????????????
?????????????? SU(3)V ????????Hidden QCD???????????
[76]??????????????
h; ; S1; S2 ???? ???????????? ? 1-loop???????????tree ???














2s1v10  s1s28 + 12v1v20 d 0




































































Tr(6k +M)( 6k  6p+M)

























































































j = 0 (6.89)
??? (k)j ???????????????
??????
? (1) = ( 0:71506; 0:69903; 0:00069; 0:00666; 0:00012)
(2) = (0:69905; 0:71508; 5:01208 10 6; 0:00017; 9:23412 10 7)
(3) = (0:00033; 0:00034; 0:96966; 0:03098; 0:24248) (6.90)
(4) = ( 0:0049; 0:00455; 0:03161; 0:99946; 0:00627)
(5) = (3:12886 10 6; 3:18513 10 6; 0:04474; 0:00027; 0:999)
?????
????
?mh = 1 = 125:07 GeV m = 2 = 249:33 GeV
mS1 = 3 = 1760:85 GeV mS2 = 4 = 454:73 GeV m = 5 = 3962:21 GeV (6.91)
????????
 ?????????????? inverse propagator (6.86) ???????? ?????
3944.72 GeV????
(6.83)?? (6.90)??????h; ; S1; S2 ????????? (k)i (i = 1  4; k = 1  4)??
??????????????????????
(6.90)?????????????S1 ?  ?????????????
S1? ??????????? (6.84)?? S1??? (1801.75 GeV)???? (3944.72 GeV)
? S1? ??????????? (6.91)?? S1??? (1760.85 GeV)???? (3962.21 GeV)
??????
S1 ????????????????????? 2.3????? ?????????????
???????? 0.44?????????????????????????????????











< 2HDM ????? >
2HDM???????(6.66)?????????????









????????? SU(3)V ??? Hidden QCD? Higgs sector?????????????
????????????????????????????????????????????
??????? 5; 0 ??????
VEFT (c; T ) = VNJL(c) + VH(c) + VS(c) + VHS(c) + VCW (c)
+ VNJL(c; T ) + VFT (c; T ) + VRING(c; T ) (6.95)
?? T=0?????????



































































































VCW (c)??T = 0???? Coleman-Weinberg[17]???? 1-loop???????????
???? mi(c) ? Higgs ?????????????????hci ??Higgs ???????



















????ni ???? i?????? ????????????????? nh1 = nh2 = nS1 =




VNJL(c; T )??Hidden QCD? NJL????????????????? 1-loop????
???????????????










VFT (c; T )???????????????????? 1-loop??????????????
?????































VRING(c; T ) ??????????????????????(6.47) ??????????
???















M2i (c; T ) = m
2
i (c) + i(T ) (6.105)
80
????M2i (c; T )??termal mass???????????????M2i (c; T )???? E?
?????????????????????????????(6.103)????? termal mass
??????????????????????????????????????(6.103)???



















































































































+ 2rE   3
2
i


























+ 2rE   3
2
i
+   
(6.110)
???JB(r2B)???????rB =Mi(c; T )=T . 2????????? [135][136]?
???????????????? S1 ??????rB = MS1(c; T )=Tc & 17:5??????
????????












 rB +    (6.111)
???????
???????????????????????????? rB;F . 2??????????
?????????
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6.4.5 ?????????? Two Scalars + Two Higgs Doublet Model????
?????
?? T=0??????
Higgs sector (6:66)  (6:68) ?????????? T=0???????????? (6:96) 
(6:100)????Higgs??????? vh = 246 GeV , Higgs????mh = 125 GeV ????
????????
??????? [76]???? Hidden QCD ????????????? S1 ? resonance??
???dark matter?????????????????mS1  2mDM ???????????
????????
??????????????????????? 1???????????????????




?1 = 0:59 2 = 0:628 3 =  0:05 4 =  0:33; 5 =  0:32 T (= 3 + 4 + 5) =  0:70
6 = 0:325 7 = 0:16 8 =  0:0625 9 = 0:0028 10 = 0:0032 11 = 0:0029 12 = 0:0028
0 = 0:0028 y = 0:0052
?????QCD? Hidden QCD?????????? Hidden QCD????????? ()
????????
????=23319.5  = 0:93 23319:5 = 21687:1 GeV
???????? (???GeV)?
????? Higgs(h) ?????=175.50 ????? h?????  ?????=172.38
Hidden QCD??????????? S1 ??????=1829.68
?????? S2 ??????=809.33  ??????=3533.22
????
Higgs sector??????????  ???????????????
? 6.1 ????? (???GeV)
h  S1 S2  charged Higgs CP odd Higgs dark matter
125.067 249.33 1801.75 454.85 3944.72 154.32 153.34 900.72











2HDM????????????????????vc=Tc & 1???????v ??2HDM?
??????????




T=100 GeV?? T=106 GeV?????S1; S2;  ?????? hS1i; hS2i; hi??
hS1i = 1495:03  2:56 hS2i = 660:78  1:05
hi = 1913:15  9:98 (6.112)
(???GeV)
??????????  ??T=100 GeV?+ ??T=106 GeV??????
????????????Tc = 102:9 GeV ?????????? 2HDM ????????
v1 = 63:18 GeV ; v2 = 61:98 GeV ????
??????????vc=Tc = 0:860?????????????????????
Sakharov????????(3)?????????????????









? 6.2 ???????????????? v=T ??????
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? 6.3?? ??????????????????????????? ??? hi=T ???
????2HDM?????? v1; v2 ????????????????????????
 ?????????????? Tc=1716 GeV???? hi=Tc = 1:88??????????
????????????????? hi??3226:98 GeV ????











? 6.3 ?????????????????? < ? > =T ??????
? 6.4???????????? Hidden QCD??????????? S1 ????????
?????????????????? hS1i=T ???????
?????  ??? T=1716 GeV ???? hS1i=Tc = 1:00 ?????????? S1 ???
?????????????????????????? hS1i??1714:53 GeV ????



































Hidden sector??? QCD like? Hidden QCD??????Hidden QCD????????
????????????????




????Hidden QCD??U(1)Y ??????????U(1)Y ??????????? ,Z ?
????????U(1)Y ???????????????? dark matter ??????????
???????????? dark matter??????????????????????
?? Hidden QCD? Bright Hidden QCD?????
85









??? Nambu-Goldstone ??? (NG ???) ????NG ??????????????? y
? explicitly??????????????????????? NG ?????????????
?????????????????????????dark matter ????????
Hidden QCD??????? 3??????Bright Hidden QCD??????? yi?????




(1) U(1) ~B0  U(1) ~B ????
Dark matter??????????? dark matter????? ~0 ???????~0 ?????
???? 2 ?????????
????????dark matter?????????????????????????????
(2) SU(2)V  U(1) ~B ????





Dark matter ????????????????  ????????????? dark matter
????????????????????????????????~ ? dark matter????
????????????????? [79]?
??????????????SU(2)V U(1) ~B ???????NG???? ~? dark matter
????

































0) = g(x) =  (A.3)
???????????????
 = (x) (A.4)
?????
????????a; ; ; b ??????????
????
x ) x0 = x + a (A.5)
???????
x ) x0 = ( + )x (A.6)
??????
x ) x0 = x (A.7)
??????








P   i@ (A.9)
???????
J  i(x@   x@) (A.10)
??????
D   ix@ (A.11)
??????
K  i(x2@   2xx@) (A.12)
?????????? P; J ; D;K ??????????????
[D;K] =  iK
[D;P] = iP
[K; P ] = 2iD   2iJ
[K; J] = i(K   K)
[P; J ] = i(P   P)





????????? SU(2)V  U(1) ~B ??????????????????????




















































































































































































?????? IA2(p2;Ma;Mb) ?? IB2(M) ??(C.2) ??????????? M1;M3 ??
(4.49)??????~1 = ~2 ?????????????????
M1 = ~1 + y1S   GD
8G2








2) = 0   ~K(p
2 = m ~K
2) = 0  ~(p
2 = m2~) = 0 (B.7)
??????????? (Z) ??propagetor ? (p2) ???? inverse propagaetot  (p2) ?
???????????inverse propagaetor  (p2)???m2 ????????
 (p2) =  1(p2) = Z 1(p2  m2) +O(p2  m2) +    (B.8)































? B.1??SU(2)V ???????????? NJL????????????????
? B.1 SU(2)V ????????????????????
?????? (2GQCD) 1=2 ( GQCDD ) 1=5 QCD mu ms
? (MeV) 361 406 930 5:95 163

















































Tr(6 l  6 p+ma)5( 6 l +mb)5


























Tr(6 l  6 k0 +m)(6 l +m)( 6 l+ 6 k +m)5







 +    (C.3)














Tr(6 l +ma)5(6 l  6 p0 +mb)5(6 l+ 6 p  6 k +mc)5( 6 l+ 6 p+md)5
(l2  m2a)((l   p0)2  m2b)((l + p  k)2  m2c)((l + p)2  m2d)






Tr(6 l +ma)( 6 l+ 6 p+ 6 p0 +mb)
(l2  m2a)((l + p+ p0)2  m2b)
(C.5)
??????????????????????????








+    (C.6)












+   

(C.7)





  1 + ln(2=m2a) +     ; (C.8)










ma  mb +   

(C.9)





  2   2m2a + 3m2a ln(2=m2a) +     (C.10)
????    ? O( 2)????????????????
(5) --S ??






Tr(6 l + p+mb)5(6 l +ma)5( 6 l  6 p0 +mb)








Tr(6 l+ 6 p+ 6 p0 +ma)( 6 l +ma)
((l + p+ p0)2  m2a)(l2  m2a)
(C.12)
??????????????????????????



























  1 + ln(2=m2a) +     (C.14)

















Tr(6 l +ma)5( 6 l  6 p0 +mb)(6 l+ 6 p  6 k +mc)( 6 l+ 6 p+mb)5
(l2  m2a)((l   p0)2  m2b)((l + p  k)2  m2c)((l + p)2  m2b)







Tr(6 l  6 k +ma)(6 l +ma)5( 6 l  6 p0 +mb)(6 l+ 6 p  6 k +mb)5








Tr(6 l  6 k0 +m)( 6 l +m)(6 l+ 6 k +m)
((l + k)2  m2)(l2  m2)((l   k0)2  m2)
+(k $ k0; $ ) (C.18)
?? 0 ????????????? subtraction??????????????????????




2 ????? least subtraction method ??
??????????????????????? ??????????????????
IA;2 (k; k




(k  k0g   kk0) +    (C.19)
IC;2 (k; k
0;m) =   1
62m








????????? Least substraction procedure ?????????????? [78][79] ?
??????????????????????
A0;1:::ng (; p1 : : : pns ; k1 : : : kng ); (D.1)
?????ns ??????ng ????????







A(0)0;1:::ng = A0;1:::ng (; 0;    ; 0) (D.3)
????????????????????????????????????












Tr(6 l  6 k0 +Mi)( 6 l +Mi)(6 l+ 6 k +Mi)
((l + k)2  M2i )(l2  M2i )((l   k0)2  M2i )
+ (k $ k0; $ ); (D.4)
????????? on shell ?? k2 = k02 = 0????
95
??????
A0;(k; k0) = A0;g(k; k0)g +A0;k(k; k0)kk0 + B0;k(k; k0)kk0 (D.5)
??????????????????
kA0;(k; k0) = k0A0;(k; k0) = 0 (D.6)
????(D.5)?????????????
(D.4) ??????? k ? k0 ??????Least subtraction ??????????????
??????









A(0)0;k(k; k0) = 0 (D.7)


























?????????? 2 scalars+2HDM ???? thermal mass Mi(c; T ) ????????
??m2i (c)???????????????????+ = (1 + i2)=
p
2???g2 = 0:65; g1 =
0:35; yt = 1:0?????


























































































M2ij(c; T )  m2ij(c) (E.8)
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